Using CLEO data collected from CESR e e ÿ collisions at the 2S resonance and nearby continuum at s p 3:67 GeV, we report the first significantly nonzero measurements of light vector-pseudoscalar hadron pair production (including , !, , and K 0 K 0 ) and the ÿ 0 final state, both from 2S decays and direct e e ÿ annihilation. The puzzle poses one of the most enduring questions in strong interaction physics: why is the branching fraction for 2S ! at least 20 [1] times smaller than expected from scaling the J= ! rate by the ratio of dilepton branching fractions? The ''12% rule,'' a scaling conjecture generalizing this question for any decay mode, has as its underlying assumption that since charmonium decay to light hadrons must proceed through annihilation of the constituent c c into a photon or three gluons, the decay width should be proportional to the square of the c c wave PRL 94, 012005 (2005) P H Y S I C A L
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week ending 14 JANUARY 2005 0031-9007=05=94(1)=012005 (5) ; (1) where B denotes a branching fraction and X a particular final state. Decays to dileptons also proceed via c c annihilation, and their branching fractions are well measured [1] , so their ratio makes a suitable denominator in Eq. (1). Several channels have Q X 1 [1] , although some deviations from unity are expected [2] . The mode is not alone: significant suppressions also exist for at least one other vector-pseudoscalar (VP) channel [ [2] of relevant theory and experiment concludes that none of the proffered theoretical explanations is satisfactory and also finds the underpinnings of the 12% rule overly simplistic.
A major impediment to addressing the puzzle in a systematic manner is the dearth of 2S branching fraction measurements. Experimental progress on key VP final states has remained dormant for many years. Continuum production, e e ÿ ! ! X, which is of interest in its own right [4, 5] , is expected at levels that may affect 2S backgrounds and will interfere [6] 
The CLEO III detector [7] features a solid angle coverage of 93% for charged and neutral particles. For the data presented here, the charged particle tracking system operates in a 1.0 T magnetic field along the beam axis and achieves a momentum resolution of 0:6% at p 1 GeV=c. The cesium iodide (CsI) calorimeter attains photon energy resolutions of 2.2% at E 1 GeV and 5% at 100 MeV. Two particle identification systems, one based on ionization energy loss (dE=dx) in the drift chamber and the other a ring-imaging Cherenkov (RICH) detector, are used together to separate K from . The combined dE=dx-RICH particle identification has efficiencies >90% and misdentification rates <5% for both and K .
Half of the 2S data and all the s p 3:67 GeV data were taken after a transition to CLEO-c [8] , in which CLEO III's silicon-strip vertex detector was replaced with a six-layer all-stereo drift chamber. The two detector configurations correspond to different accelerator lattices: the former with a single wiggler magnet and a center-ofmass energy spread E 1:5 MeV, the latter (CESR-c [8] ) with the first half of its full complement (12) of wiggler magnets and E 2:3 MeV. The integrated luminosity (L) of the data sets was measured using e e ÿ ! events [9] . Event counts were normalized with a Monte Carlo (MC) simulation based on the Babayaga [10] event generator combined with GEANT-based [11] detector modeling. The data sets have L 5:63 pb ÿ1 on the peak of the 2S (2:74 pb ÿ1 for CLEO III, 2:89 pb ÿ1 for CLEO-c) and 20:46 pb ÿ1 at s p 3:67 GeV (all CLEO-c). The scale factor applicable to continuum yields in order to normalize them to 2S data, f 0:268 0:004, includes a 2.6% correction to the L ratio to scale it by 1=s 3 [5] ; the error includes both the relative luminosity and form factor s-dependence uncertainties. We also correct each final state's f for small efficiency differences between the 2S and continuum samples caused by detector configuration.
We base our event selection on charged particles reconstructed in the tracking system and photon candidates in the CsI calorimeter. Energy and momentum conservation is required of the reconstructed hadrons, which have momenta p i and total energy E vis . We demand 0:98 < E vis = s p < 1:015 and jjp 1 j ÿ jp 2 jj= s p =c < 0:02 (for ÿ 0 , p 1 p 0 , and p 2 p p ÿ ), which together suppress backgrounds with missing energy or incorrect mass assignments. The experimental resolutions are smaller than 1% in scaled energy and 2% in scaled momentum difference. In order to suppress hadronic transitions to J= , we reject events in which any of the following fall within 3.05-3.15 GeV: the invariant mass of the two highest momentum tracks; or the recoil mass from the lowest momentum single 0 , 0 0 pair, or ÿ pair. Feeddown from 0 0 J= , J= ! ÿ into ÿ 0 , ÿ , or K 0 K ÿ is additionally suppressed by requiring M ÿ < 3:05 GeV for those channels. MC studies were used to determine invariant mass windows for intermediate particle decay products. To reduce contamination from !f 2 1270 [3] and !f 0 600 [12] in b 1 , we exclude M < 1:5 GeV. Similarly, candidates with low mass states are avoided with M min > 1:4 GeV. For 0 ! , ! , and K 0 S ! ÿ candidates we use kinematically constrained fits of the decay products to the parent masses. Fake 0 and mesons are suppressed with lateral shower profile restrictions and by requiring that their decays to not be too asymmetric.
For ÿ 0 , ÿ , and () with ! , one of the two final state charged particles must be positively
week ending 14 JANUARY 2005 012005-2 identified as a (K ), but neither can be positively identified as a K ( ). Charged kaons in K K must be identified as such, and any candidate must not be identified as K . Charged particles must not be identified as electrons using criteria based on momentum, calorimeter energy deposition, and dE=dx. The softer charged particle in two-track modes must have p < 0:425 s p =c to suppress potential background from ÿ in which a fake 0 is found. Both tracks in two-track modes must satisfy j cosj < 0:83, where is the polar angle with respect to the e direction. The efficiency for each final state is the average obtained from MC simulations [11] of both detector configurations. The VP modes are generated [13, 14] 
Background contamination from other 2S decays is determined from sidebands neighboring the signal windows in 0 , , !, , K 0 S , K , and b 1 candidate mass distributions. The sideband yields from the 2S sample are decremented by the corresponding number of scaled continuum events (because scaled continuum events inside the signal window are subtracted separately) and by the small residual signal contributions expected and then scaled to match the signal window size.
We normalize the branching fractions to the total number of produced 2S events. The technique described in Ref. [15] is applied to the data sets used here, resulting in a total number of 2S decays of 3:08 10 6 . Kinematic distributions are shown in Figs. 1-4 and the event totals and efficiencies in Table I . We observe signals for several modes in both 2S and continuum data sets. The significances S in the last column of Table I reflect the likelihood that the 2S yields cannot be attributed to backgrounds alone. S is computed from trials in which Poisson fluctuations of the 2S, continuum, and crossfeed contributions are all simulated to obtain a confidence level (C.L.) that a given mean 2S signal combined with backgrounds would exceed or equal the observed event count. S is obtained from this procedure with 0. Table II shows the final results. We compute branching fractions with a straightforward subtraction of luminosityscaled continuum yields; the value of the true branching fraction depends on the unknown three-gluon decay amplitudes and corresponding unknown phases. Statistical errors shown correspond to 68% C.L. and upper limits to 90% C.L., and are obtained through simulated trials as described above. Values of Q are computed for each mode based on branching fractions from Ref. for BJ= ! ÿ 0 2:10 0:12% [16] . Bornlevel cross sections at s p 3:67 GeV are also given and include an upward adjustment of 20% to account for initial state radiation [10] . The systematic errors on branching fractions share common contributions from the number of produced 2S events (3%), uncertainty in f (1.5%), trigger efficiency (1%), electron veto (0.5% per veto), and MC statistics (2%). Other sources of uncertainty vary by channel; listed with their contribution to the systematic error, they stem from cross-feed subtractions (the change induced by 50% cross-feed variation), accuracy of MC-generated polar angle and mass distributions (10% for b 1 , 14% Entries / 0.1 GeV for ÿ 0 ), and imperfect modeling of charged particle tracking (1% per track) In summary, we have presented first evidence for 2S decays to ÿ 0 , , , and K 0 K 0 . Measurements for several other VP channels are also given. The results suggest that, for VP final states, 2S decays through three gluons are severely suppressed with respect to the 12% rule and the corresponding electromagnetic processes are not. The decay 2S ! ÿ 0 exhibits a ! signal but has a much larger component at higher mass. Continuum e e ÿ cross sections for these final states are presented for the first time.
